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Abstract

Aim of the study

This study examines the impact of physical activity on neuroprotection in neurodegenerative
diseases, focusing on Parkinson’s Disease (PD). It evaluates neuroprotective mechanisms,
analyzes physical activity’s role in PD progression, assesses various exercise forms’
effectiveness on PD symptoms, and identifies research challenges and future directions.

Materials and methods

A comprehensive literature search was conducted across major databases, prioritizing studies
from the past
15 years, particularly longitudinal studies and randomized controlled trials. The review
critically evaluated neuroprotective mechanisms, exercise specificity, and effects on PD
Symptoms.

State of knowledge
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Regular physical activity enhances neuroplasticity, regulates neurotrophic factors, reduces
oxidative stress, and mitigates inflammation in PD patients. Various exercise forms show
effectiveness in managing PD symptoms and potentially slowing disease progression.
Challenges remain in optimizing interventions for individual patients and integrating physical
activity into comprehensive PD management strategies.

Conclusions

The review highlights physical activity’s significant neuroprotective effects in PD,
demonstrating its potential to manage symptoms and slow progression. Research gaps persist
regarding long-term effects and personalized interventions. Future research should focus on
optimizing exercise protocols, investigating synergistic effects with pharmacological
treatments, and developing personalized interventions. This review supports physical activity
as a valuable adjunctive therapy in PD, potentially influencing treatment paradigms in
neurodegenerative disorders.

Keywords: “neuroprotection”, “neurodegenerative diseases”, “Parkinson’s Disease”, "BDNF",
“physical activity”

1. Aim of the study

The primary objective of this review is to comprehensively examine the impact of physical
activity on neuroprotection in neurodegenerative diseases, with a special focus on Parkinson's
Disease (PD). This study aims to:
Evaluate the neuroprotective mechanisms activated by physical activity, including:

e Enhanced neuroplasticity

e Regulation of neurotrophic factors, particularly Brain-Derived Neurotrophic Factor

(BDNF)

e Reduction of oxidative stress and inflammation
Highlight which of these mechanisms are most significant in the context of PD.
Analyze the role of physical activity in PD by:

e Briefly reviewing the neurodegenerative processes in PD

e Examining studies on the effects of exercise on PD progression

e Assessing the effectiveness of various forms of physical activity (aerobic exercises,

strength training, dance, yoga) on both motor and non-motor symptoms of PD

Explore the long-term effects of exercise and its efficacy in early-stage versus advanced PD
patients.
Identify challenges in current research and outline future directions, including:

e The potential synergistic action of physical activity with pharmacological therapies

e The need for personalized exercise programs for PD patients
By addressing these aims, this review seeks to provide a comprehensive understanding of the
role of physical activity in neuroprotection, particularly in the context of PD, and to highlight
its potential as an adjunctive therapeutic strategy in the management of neurodegenerative
disorders.

2. Materials and methods

This review employs a comprehensive approach by performing a broad literature search
regarding the impact of physical activity on neuroprotection in neurodegenerative diseases,
with a special focus on PD. Aspects like neuroprotective mechanisms, exercise specificity,



and the effects on PD symptoms were taken under consideration. Extensive searches were
conducted across various databases including PubMed, Web of Science, and Google Scholar
using applicable keywords: "physical activity", ‘"exercise", '"neuroprotection",

n.n

"neurodegenerative diseases", "Parkinson's Disease", "neuroplasticity", "BDNF", "oxidative
stress", "inflammation", "motor symptoms", and "non-motor symptoms". The analyzed data
was drawn with critical evaluation of study design, participant groups, and outcomes.
Additionally, relevant review articles and meta-analyses were examined to ensure
a comprehensive coverage of the topic. Studies published in English within the last 15 years
were prioritized. Particular attention was given to longitudinal studies and randomized
controlled trials that investigated the long-term effects of various types of physical activity on

PD progression and symptom management.

3. State of knowledge
3.1 PD and the Neurodegenerative Processes Involved

3.1.1 Parkinson’s Disease

PD is one of the most common neurodegenerative disorders observed in current times
(Balestrino and Schapira 2020; Buczek et al. 2024) . Studies suggest that its expected
occurrence is projected to double in the upcoming 30 years (Tolosa et al. 2021), potentially
rising to 10 million people globally by 2030 (Vijiaratnam et al. 2021). The primary
characteristic of PD is a progressive decline in motor function, which significantly impacts
the quality of life for those affected (Balestrino and Schapira 2020). PD is an age-progressive
disease, most impactful on the elderly population, especially over 80 years of age (Hayes
2019).

The exact cause of this disease is yet to be determined. The progression of PD is
marked by its slow, gradual pace, with each step of the condition taking from months to years
to develop (Matgorzata Gawel, Anna Potulska-Chromik 2015).

PD is defined by a range of motor syndromes. Those include: bradykinesia - overall
reduction in movement speed and a noticeable decline in voluntary or unconscious motions.
Rest tremor - typically ranging from 4 to 6 Hz, commonly observed in the limbs, but can also
affect the lips, chin, or jaw, though it is less common in the head. The tremor’s amplitude
tends to decrease or disappear during purposeful voluntary movements. Rigidity - increased
muscle tone is observed as resistance to passive movement of equal intensity in opposing
muscle groups, often described as a "lead-pipe" rigidity. When this resistance is interrupted by
tremor, it leads to a "cog-wheel" phenomenon. Changes in posture and gait - a tendency to
drag one leg, mildly stooped posture during walking and diminished arm swing (Port et al.
2021).

These motor disturbances hinder daily functioning and lead to progressive disability.
In addition to motor symptoms, patients also experience a variety of non-motor symptoms,
such as constipation, memory decline, depression, sleep disturbances, urinary
issues,dysphagia and hyposmia. These symptoms emerge in the early stages of the disease and
become more pronounced as the condition progresses (Tolosa et al. 2021).

3.1.2 Pathogenesis

The etiopathogenesis of this disease remains still not fully understood. Currently,
a range of factors are considered in the pathogenesis, including genetic factors, environmental
factors, the action of free radicals, and oxidative stress (Tolosa et al. 2021). Furthermore, we
can correlate the disease with a range of risk factors. According to researchers, they include:


https://www.zotero.org/google-docs/?m3wyYz

Pesticides, Methamphetamine, Traumatic Brain Injury, Body-Mass Index (BMI) and Diabetes,
Blood Cholesterol and Hypertension, Drinking alcohol, and Diets rich in polyunsaturated fats
(Ascherio and Schwarzschild 2016).

One prevailing hypothesis suggests that the premature aging and degeneration of
neurons within the substantia nigra ultimately lead to a diminished dopamine concentration in
the striatum, subsequently being the cause of PD (Matgorzata Gawet, Anna Potulska-Chromik
2015).

According to research, PD is a progressive neurodegenerative disorder associated with
the accumulation of aggregated a-synuclein (Morris et al. 2024). a-Synuclein (ASN) is
a low-molecular-weight (140-amino-acid) cytosolic protein present in the central nervous
system. It has been demonstrated that this protein is one of the primary components of
cytoplasmic inclusions known as Lewy bodies (Anna KAMIERCZAK, Agata ADAMCZYK,
Joanna Benigna and STROSZNAJDER 2007). Lewy bodies may be detrimental to neurons as
they are space-occupying lesions that can alter cellular function (Morris et al. 2024). The
central centers controlling autonomic functions include the cortex, insula, hypothalamus,
brainstem, and spinal cord, and both neuronal destruction and a-synuclein accumulation have
been observed in these areas (Chen, Li, and Liu 2020).

Research, including studies on animal models, has shown that the abnormal structure
of a single synuclein molecule, when transformed from an alpha-conformation to a beta-sheet
structure, causes the remaining synuclein to also convert into the beta form and accumulate
secondarily as beta-amyloid. This process leads to premature cell death. The death of
substantia nigra cells, in turn, results in a decrease in dopamine levels in the striatum
(Matgorzata Gawet, Anna Potulska-Chromik 2015).

Due to the decrease in dopamine in the substantia nigra, there is a disruption in the
transmission of nerve impulses, which prevents the brain from transmitting signals properly.
As a result, there is a loss of connection between the brain and other parts of the body, leading

to a loss of control over body movements, which constitutes the essence of PD (Chen, Li, and
Liu 2020).

3.2 Neuroprotective mechanisms activated by physical activity

Physical activity is increasingly recognized for its neuroprotective effects, particularly
in the context of neurodegenerative diseases such as PD (Langeskov-Christensen et al. 2024).
The mechanisms through which physical activity exerts these protective effects include
enhanced neuroplasticity, regulation of neurotrophic factors like BDNF, and reduction of
oxidative stress and inflammation (Palasz E, Niewiadomski W, Gasiorowska A, Wysocka A,
Stepniewska A, Niewiadomska G. 2019; Palasz et al. 2020). Each of these mechanisms play a
crucial role in maintaining neuronal health and function.

Increased neuroplasticity is one of the primary benefits of physical activity (Zou J,
Hao S 2024). Exercise promotes synaptic plasticity, which is essential for learning and
memory (Mu et al. 2022). This is particularly relevant in PD, where cognitive decline is
a significant concern. Studies have shown that physical activity can lead to structural and
functional changes in the brain, enhancing its ability to adapt and reorganize in response to
new experiences or injuries (Kleim Jeffrey A. and Jones Theresa A. 2008; Erickson et al.
2011). Neuroimaging studies have demonstrated that regular exercise correlates with
increased gray matter volume in areas associated with motor control and cognition
(Silvia Paola Caminiti et al. 2024).

Regulation of Neurotrophic Factors, especially BDNF, is another critical mechanism
activated by physical activity. BDNF is vital for neuronal survival, growth, and differentiation.



Exercise has been shown to significantly increase BDNF levels in the brain, which supports
neurogenesis and synaptic plasticity (Szuhany, Bugatti, and Otto 2015). In the context of PD,
where dopaminergic neurons are progressively lost, maintaining elevated levels of BDNF
may help protect existing neurons and promote the survival of new ones (Decker 2023).
Furthermore, interventions that enhance BDNF signaling have been linked to improved motor
function in PD models (Singh et al. 2023). Increased BDNF levels are associated with
improved cognitive function and mood regulation. Physical activity stimulates the expression
of the BDNF gene in various brain regions, including the hippocampus, cortex, and striatum
(Jabr, Vanessa 2020; Dicarlo et al. 2023). This increase in gene expression results in higher
levels of BDNF protein synthesis. During exercise, muscle contractions release myokines,
such as interleukin-6 (IL-6), which can promote BDNF expression in the brain. This suggests
a communication pathway between skeletal muscle and the central nervous system (Dicarlo et
al. 2023).

Regular physical activity can lower stress levels and reduce cortisol production
(De Nys et al. 2022). High cortisol levels can inhibit BDNF expression; thus, reducing stress
through exercise may indirectly enhance BDNF levels (Ramirez 2024).

Reduction of Oxidative Stress is another important effect of physical activity. Exercise
induces the production of endogenous antioxidants that combat oxidative stress,
a significant contributor to neuronal damage in PD (Souza et al. 2022). By reducing oxidative
damage, physical activity may help preserve dopaminergic neurons and mitigate the
progression of PD symptoms (Bishop, Lu, and Yankner 2010).

Anti-Inflammatory Effects are also observed with regular physical activity. Chronic
inflammation is
a hallmark of neurodegenerative diseases, including PD (Hu, Huang, and Chen 2024; Palasz E,
Niewiadomski W, Gasiorowska A, Wysocka A, Stepniewska A, Niewiadomska G. 2019).
Exercise has been shown to reduce levels of pro-inflammatory cytokines and modulate
microglial activation, thereby decreasing neuroinflammation (Mee-inta, Zhao, and Kuo 2019).
This anti-inflammatory effect can further protect against neuronal loss and improve overall
brain health. Regular physical activity can modulate inflammatory responses in the brain. It
reduces the activation of microglia, the immune cells of the central nervous system, which can
become overactive in neurodegenerative diseases. By decreasing neuroinflammation, exercise
may help protect against neuronal damage associated with conditions like PD.

In summary, while all these mechanisms contribute to the neuroprotective effects of
physical activity, the regulation of BDNF levels and the reduction of oxidative stress are
particularly significant in the context of PD. The ability of exercise to enhance BDNF
signaling not only supports neuronal survival but also promotes neuroplasticity, both critical
for combating the cognitive and motor deficits associated with PD.

3.3 The Impact of Exercise on PD Progression

PD is the second most common neurodegenerative condition, but its underlying risk factors
are not well understood. While laboratory studies indicate that physical activity might have
a protective effect on the brain, there is limited research exploring whether being physically
active reduces the risk of developing the disease (Logroscino et al. 2006).

Physical exercise has positive effects on mitigating central nervous system degeneration
by modulating the glutamatergic and dopaminergic systems. Additionally, the therapeutic
benefits of exercise are linked to its role in regulating autophagy, apoptosis, inflammation, a-
synuclein aggregation, and mitochondrial function (Feng et al. 2020).



The effectiveness of exercise in patients with Parkinsonian syndrome varies based on
the stage of the condition, but it offers benefits in both early and advanced stages (Mitchell,
Bliss, and Church 2024). In the early stages of PD, exercise can help delay the worsening of
motor symptoms, enhance flexibility and strength, and improve overall physical health. It
promotes neuroplasticity, which may safeguard motor abilities and contribute to better quality
of life. Engaging in physical activity early on also aids in maintaining balance, improving
coordination, and enhancing mobility, enabling individuals to retain their independence for
longer periods (Padilha et al. 2023; Mitchell, Bliss, and Church 2024). In the advanced stages
of PD, exercise plays a key role in addressing motor symptoms like stiffness, slowness of
movement (bradykinesia), and difficulty with balance and posture. It helps minimize the risk
of falls, enhances walking ability, and supports the maintenance of remaining physical
functions. Additionally, physical activity can improve mental well-being by reducing
symptoms of anxiety and depression, which are often prevalent in advanced stages of the
disease (Mitchell, Bliss, and Church 2024).

The long-term effects of exercise on people with PD are widely recognized, offering
benefits for both motor and non-motor symptoms (Maher et al. 2024). Research indicates that
incorporating aerobic, resistance, and balance-oriented exercises can foster neuroplasticity,
helping preserve neural pathways and potentially mitigating the effects of neurodegeneration
in PD. These long-term changes can enhance quality of life and slow the progression of
disability. Exercise routines that are carefully tailored to an individual’s abilities and the stage
of their disease tend to yield the most significant benefits over time (M. K. Mak et al. 2017).

3.4 How Different Types of Exercise Affect Motor and Non-Motor Symptoms in PD

Physical activity can be categorized into several types, including aerobic exercise, strength
training, stretching, and balance and coordination exercises (Filar-Mierzwa et al. 2021). Each
type provides distinct benefits, making them particularly valuable for individuals with PD
(Moratelli et al. 2024).

Regular physical activity, particularly aerobic training, provides numerous benefits for
patients with PD. It helps reduce symptoms such as hypokinesia, bradykinesia, and gait
disturbances, slows neuronal degeneration, supports independence in activities of daily living
(ADL), and enhances cardiovascular fitness, especially in individuals with mild to moderate
stages of the disease (Padilha et al. 2023).

Aerobic exercise has been shown to enhance functional connectivity between the
anterior putamen and the sensorimotor cortex relative to the posterior putamen, as well as
improve cognitive control. Additionally, it has contributed to strengthening connectivity
within the right frontoparietal network in proportion to increases in physical fitness and has
reduced global brain atrophy (Johansson et al. 2022).

Aerobic exercise, also referred to as cardio or endurance training, is a category of
physical activity that engages large muscle groups and increases heart rate and breathing in
a manner that ensures an adequate supply of oxygen to the muscles during the activity (Prieto-
Gonzalez and Yagin 2024). The exercise is characterised by a moderate intensity and longer
duration, which facilitate the combustion of calories, enhance cardiovascular fitness, and
fortify the respiratory system. Examples of aerobic exercises include walking, running,
swimming, cycling, dancing, and aerobics (Bhalsing, Abbas, and Tan 2018; Prieto-Gonzalez
and Yagin 2024). For individuals diagnosed with PD, participation in aerobic training has
been demonstrated to confer substantial benefits, with improvements observed in both motor
and non-motor symptoms. It has been demonstrated to enhance cardiovascular fitness, muscle
strength, and balance, thereby mitigating issues such as gait disturbances and rigidity (Zhou et



al. 2022; M. K. Y. Mak and Wong-Yu 2021). Regular aerobic exercise has been
demonstrated to enhance motor control, reduce bradykinesia and enhance overall mobility (M.
K. Y. Mak and Wong-Yu 2021). Furthermore, it has been demonstrated that aerobic exercise
can enhance neuroplasticity, which may potentially lead to a slowing of disease progression
by promoting the release of BDNF, which is known to support neural health (Petzinger et al.
2013). In addition, aerobic training has been demonstrated to reduce fatigue, improve mood,
and alleviate symptoms of depression and anxiety, thereby enhancing the quality of life of
individuals with PD (Altmann et al. 2016).

Strength training, also known as resistance training, is a category of physical activity
designed to increase muscle strength, endurance and mass (Brienesse and Emerson 2013).
The practice of strength training involves performing exercises that require muscles to work
against a resistance, which may include the use of weights, resistance bands, one's own body
weight, or specialised machines (Paolucci et al. 2020). Strength training provides a wide
range of benefits for people with PD. Increasing muscle strength and stability helps to reduce
tremor and improve mobility, thereby improving motor function (Kelly et al. 2014).
Strengthening the core and lower body muscles has also been shown to improve balance and
posture, reducing the risk of falls (Paolucci et al. 2020). Strength training is an effective way
to promote functional independence by improving strength and endurance, which are essential
for performing daily activities (M. K. Y. Mak and Wong-Yu 2019). From
a neurological perspective, it has been shown to increase dopamine release and promote
neuroplasticity, which can have a positive effect on mood and cognitive function (Petzinger et
al. 2013).

Flexibility exercises are activities that are specifically designed to enhance the range
of motion and flexibility of muscles and joints (M. K. Y. Mak and Wong-Yu 2019). These
exercises comprise static stretching, which involves maintaining a position for a specified
duration, and dynamic stretching, which encompasses controlled movements through the full
range of motion of a joint (Sharma et al. 2015; Behm and Chaouachi 2011). Examples of
flexibility exercises include yoga, pilates, stretching on a mat or in water, or dance classes
such as jazz and ballet (Kwok et al. 2019; Skelton DA, Mavroeidi A 2018). These exercises
enhance range of motion by reducing rigidity, facilitating smoother and more efficient
movement (M. K. Y. Mak and Wong-Yu 2019).They also improve posture and alignment,
which contributes to enhanced balance and coordination, reducing the risk of falls
(Boulgarides, Barakatt, and Coleman-Salgado 2014). Increased joint flexibility supports
greater mobility, facilitating easier and less painful everyday activities such as walking and
reaching (King and Horak 2009). Additionally, stretching can relieve the muscle cramps and
discomfort often experienced in PD, while promoting relaxation and mental well-being
(Colgrove et al. 2012).

Balance and coordination exercises confer a number of advantages, including
enhanced stability, improved posture, injury prevention, elevated athletic performance, and
augmented confidence in daily movements. (Mak & Wong-Yu, 2019) Examples of such
exercises include yoga poses such as the Tree Pose, Tai Chi, walking heel-to-toe, and dance
styles such as ballroom or salsa. (Hackney & Earhart, 2008) + (Li et al., 2012)

Balance and coordination exercises are of significant benefit to those with PD, as they
address key motor symptoms such as postural instability, rigidity, and bradykinesia (Kim et al.
2013). Such exercises have been demonstrated to enhance stability, reduce the risk of falls,
and improve mobility, thereby facilitating safer and more manageable performance of daily
activities (Lopez-Liria et al. 2023; Liu et al. 2019). Furthermore, they enhance proprioception
(body awareness) and neuromuscular coordination, which are frequently compromised in
individuals with PD (Rinalduzzi et al. 2015).



Both conventional training and exercises utilizing virtual reality (VR) effectively
reduce the severity of motor symptoms in patients with early and mid-stage PD, confirming
the efficacy of available rehabilitation methods. Additionally, gait training incorporating
augmented reality (AR) and VR allows for the gradual improvement of walking skills through
task performance under increasingly challenging conditions, supporting motor learning while
enhancing balance and gait quality. These findings highlight the potential of modern
technologies to complement traditional rehabilitation approaches (Gulcan et al. 2023).

Dance is a form of activity that involves synchronizing movements with musical
rhythm, combining various physical, cognitive, emotional, and social aspects. Research
suggests that performing complex sensorimotor tasks activates the medial geniculate nucleus,
which may contribute to improvements in both motor and non-motor functions in the course
of this disease (Ismail et al. 2021).

Tai Chi training demonstrates a long-lasting beneficial effect on both motor and non-
motor symptoms in patients with PD, improving gait, balance, sleep, and cognitive functions,
among others. The results suggest that regular practice of Tai Chi may provide significant
therapeutic benefits, and that consistent continuation of the exercises aids in more effective
symptom management (Li et al. 2024).

Research suggests that water-based training has a significant positive effect on quality
of life, whereas endurance training and exercises targeting gait and balance have a somewhat
lesser impact (Ernst and Kalbe 2023).

3.5 Synergistic Action of Physical Activity and Pharmacological Therapies in PD

The synergistic interplay between physical activity and pharmacological therapies has
emerged as
a compelling complementary approach for managing neurodegenerative diseases, particularly
PD (Dibble et al. 2015). This interaction represents a promising strategy to enhance clinical
outcomes by targeting multiple aspects of disease pathology and symptom
management.Physical activity has been shown to induce neuroplastic changes and modulate
the dopaminergic system, potentially augmenting the therapeutic effects of pharmacological
agents. Additionally, this synergy may amplify the benefits of interventions through improved
drug metabolism, reduced side effects, and augmented physiological effects.

Preclinical models reveal that exercise promotes dopamine release and receptor
sensitivity, which may amplify the pharmacodynamic effects of drugs like levodopa
(Vucckovi¢ et al. 2010; Bastioli et al. 2022).

While existing evidence highlights the potential of combined interventions,
further research is necessary to optimize their implementation, particularly by evaluating how
exercise can synergize with emerging therapies, such as deep brain stimulation or gene
therapies, to enhance overall outcomes.

Studies have shown that combining physical activity with other emerging therapeutic
modalities, such as transcranial direct current stimulation (tDCS), can yield synergistic
benefits for cognitive and motor functions in PD patients (Beretta et al. 2020). However, the
optimal parameters for these combined interventions remain unclear. Future research should
aim to determine the most effective types, intensities, and durations of physical activity that
can be integrated with pharmacological treatments to maximize therapeutic outcomes
(Bacanoiu et al. 2020).



3.6 The Diverse Presentation and Progression of PD and the Need for Personalized
Exercise Programs

The diverse presentation and progression of (PD) necessitate the development of
personalized exercise programs tailored to the individual needs and capacities of patients.
This need for personalization is based on several critical factors including disease stage,
symptom profile, comorbidities, and the patient’s overall physical fitness.

PD manifests differently across individuals, not only in terms of severity but also in
symptom types, rate of progression, and response to treatment. As a result,
a "one-size-fits-all" approach to exercise is unlikely to be effective. Studies have highlighted
the importance of considering individual variations when designing exercise programs to
ensure that they are both safe and effective (Almikhlafi 2023).

The progression of PD involves both motor and non-motor symptoms that change over
time. In the early stages of the disease, patients may still exhibit relatively mild motor
symptoms and can benefit from high-intensity aerobic training, which has been shown to
enhance motor performance and cognitive function (Ou et al. 2021; Ramirez 2024). However,
as the disease progresses and motor symptoms worsen, the focus of exercise interventions
may shift toward fall prevention, improving gait and balance, and maintaining independence
in activities of daily living. Personalized exercise interventions based on disease stage may
also address non-motor symptoms, such as depression and cognitive dysfunction, which can
vary widely among PD patients.

Patients with PD often present with comorbidities such as cardiovascular disease,
osteoarthritis, or diabetes, which can impact their ability to participate in exercise (King et al.
2014). Personalization of exercise programs must therefore account for these comorbid
conditions. For instance, individuals with significant cardiovascular or pulmonary disease
may need lower-intensity, longer-duration exercise regimens to avoid undue strain, while
those with musculoskeletal limitations may benefit from strength training or flexibility
exercises rather than aerobic activities. Understanding the interplay between PD and these
comorbidities is crucial to creating safe and effective exercise prescriptions.

3.7 Challenges and future directions

1. General Limitations of Scientific Research

a. Heterogeneity of Study Samples
PD exhibits considerable variability in symptoms and progression, complicating the
homogeneity of study groups. Altmann et al. (2016) note that differences in age, sex, and
disease duration can significantly affect research outcomes. Similarly, Liu et al. (2019)
demonstrated that demographic diversity limits the generalizability of study findings.
A meta-analysis by Padilha et al. (2023) confirmed that small sample sizes in studies reduce
statistical power, particularly hampering conclusions about the effectiveness of various
therapies.

b. Difficulty in Generalizing Results
The diversity of therapeutic approaches, such as yoga, Tai Chi, aerobic, or resistance training,
makes it challenging to apply findings to all PD patients. For example, Filar-Mierzwa et al.
(2021) focused exclusively on older women, limiting the applicability of results to other
populations.

c. Short-Term Nature of Studies



Most studies assess the short-term effects of exercise. Johansson et al. (2022) conducted
a study showing changes in brain function due to aerobic interventions but lacked long-term
evaluations of this method’s effectiveness. Similarly, Colgrove et al. (2012) found that short
intervention durations hindered the assessment of therapeutic effects’ durability.
d. Lack of Standardized Research Protocols

The absence of uniform guidelines on intensity, frequency, and methods for measuring
therapeutic outcomes presents a significant challenge. As Balestrino and Schapira (2020)
observed, differences in research protocols complicate comparing results and forming
consistent clinical recommendations.

2. Selected Research Challenges

a. Methodological Challenges

1. Neuroplasticity as an Intervention Outcome
Studies like those by Petzinger et al. (2013) and Kleim & Jones (2008) emphasize the need for
advanced technologies (MRI, PET) to assess neuroplasticity. The cost of these tools limits
their accessibility, particularly for smaller research centers.

2. Evaluation of Non-Motor Symptoms
Moratelli et al. (2024) pointed out that many studies focus on motor symptoms, neglecting
non-motor aspects like depression, apathy, or sleep disorders. The lack of tools tailored to
assess these symptoms restricts comprehensive analyses of therapy effects on patients’ quality
of life.

b. Diversity in Mechanisms of Therapy Action
Therapeutic mechanisms such as neuroprotection, reduced neuroinflammation, or improved
neuroplasticity vary depending on the type of exercise. Bastioli et al. (2022) demonstrated that
different training protocols activate distinct biological pathways, complicating the
development of unified therapeutic recommendations.

c. Long-Term Adaptation of Patients
Mak and Wong-Yu (2019) highlight that patients may struggle to maintain regular physical
activity over extended periods, negatively affecting the sustainability of therapeutic outcomes.

d. Variable Pharmacological Interactions
Exercise can interact with dopaminergic medications, complicating efficacy evaluations.
Dibble et al. (2015) found that combining pharmacological therapy with physical activity
potentially enhances treatment outcomes, though this requires further investigation.

3. Suggestions for Improvements

. Standardization of Research: Establishing unified exercise protocols and
assessment methods will enable better comparisons of results across studies (Balestrino
& Schapira, 2020).

. Long-Term Cohort Studies: Longer study durations will better evaluate the
impact of therapies on disease progression. Mak and Wong-Yu (2021) suggest that prolonged
interventions could yield more lasting effects.

. Interdisciplinary Approaches: Combining physical, pharmacological, and
psychological therapies may produce more comprehensive outcomes (Padilha et al., 2023).
. Application of Technology: Advanced tools, such as wearable devices, could

help monitor therapy progress (Gulcan et al., 2023).
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4. Conclusions
4.1 Synthesis of Key Findings

This comprehensive review has illuminated the significant impact of physical activity

on neuroprotection in neurodegenerative diseases, with a special focus on PD. The research
demonstrates that regular physical activity can enhance neuroplasticity, regulate neurotrophic
factors (particularly BDNF), reduce oxidative stress, and mitigate inflammation in PD patients.
These mechanisms collectively contribute to the preservation of neuronal health and function,
potentially slowing disease progression.
Various forms of exercise, including aerobic training, strength training, flexibility exercises,
and specialized programs like dance therapy, have shown varying degrees of effectiveness in
managing PD symptoms and potentially slowing disease progression. Aerobic exercise, in
particular, has demonstrated improvements in functional connectivity in the brain and
cognitive control.

4.2 Research Gaps and Future Directions

Despite promising results, several research gaps remain:

1. Long-term effects: While short-term benefits are well-documented, the long-
term neuroprotective effects of physical activity in PD require further investigation.

2. Personalized interventions: Given the diverse presentation and progression of
PD, there 18

a pressing need for personalized exercise programs tailored to individual patient needs,
considering factors such as disease stage, symptom profile, and comorbidities.

3. Synergistic effects: Further research is needed to optimize the synergistic
action of physical activity with pharmacological therapies and emerging treatments like deep
brain stimulation.

4. Standardization of protocols: Future studies should aim to standardize exercise
protocols, considering intensity, frequency, duration, and type of activity to enhance
comparability across studies.

4.3 Implications and Significance

The findings of this review underscore the potential of physical activity as a valuable
adjunctive therapeutic strategy in the management of PD. The neuroprotective mechanisms

activated by exercise offer
a non-pharmacological approach to potentially slow disease progression and improve quality
of life for PD patients.

The demonstrated benefits of various exercise modalities on both motor and non-motor
symptoms of PD highlight the importance of incorporating physical activity into
comprehensive PD management strategies. This holistic approach, combining tailored
exercise programs with traditional pharmacological treatments, may offer improved outcomes
for patients across different stages of the disease.

4.4 Final Thoughts

As research in this field progresses, it is crucial to address the identified challenges
and pursue the outlined future directions. By doing so, we can enhance our understanding of
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the neuroprotective effects of physical activity in PD and develop more -effective,
personalized interventions. This continued research effort holds the promise of significantly
improving the lives of individuals affected by PD and potentially other neurodegenerative
disorders.

The findings presented in this review not only contribute to the advancement of knowledge in
the field but also provide a strong foundation for future research. They underscore the
importance of physical activity as
a complementary approach in PD management and highlight the need for continued
investigation to optimize its therapeutic potential.
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